METHOD FOR FABRICATING SEMICONDUCTOR DEVICE WITH 
IMPROVED REFRESH TIME 

Field of the Invention 

5 

The present invention relates to a method for 
fabricating a semiconductor device; and, more particularly, 
to a method for fabricating a semiconductor device with 
improved refresh time. 

10 

Description of Related Arts 

In a cell region of a dynamic random access memory 
(DRAM) device, a contact plug for connecting a cell 

15 junction formed in a substrate to a bit line or a storage 
node of a capacitor, i.e., a cell contact plug, is usually 
made of polysilicon. The polysilicon cell contact plug is 
doped with a dopant with a concentration of above about 1 x 
10 20 /cm 3 to increase conductivity. Meanwhile, the cell of 

20 the DRAM device is confronted with different types of 
resistances, e.g., a channel resistance^ a resistance 
exerted by a cell junction itself, a contact resistance of 
the cell junction. For a channel or a cell junction, ion- 
implantation energy or dose of the dopant are controlled to 

25 decrease the above mentioned resistances existing in the 
cell . 

Particularly, since the resistance exerted by the 
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cell junction itself is not prominently high, only a doping 
concentration of a dopant implanted into the polysilicon 
layer is controlled in order to reduce the resistance. 
Thus, an importance of the contact resistance is 
5 increasingly emphasized as the size of the cell contact 
plug gets smaller. 

However, it is limited to decrease the contact 
resistance at the cell junction and an interfacial area 
contacting to a storage node by controlling only the doping 

10 concentration of the polysilicon layer. To solve this 
problem, a cell plug ion-implantation technique is employed. 
The cell plug ion-implantation technique provides an effect 
of decreasing the contact resistance between the cell 
junction and the cell contact plug by additionally ion- 

15 implanting dopants to the cell junction after a contact 
hole is formed. 

Figs. 1A to 1C are cross-sectional views showing a 
semiconductor device fabricated by employing a conventional 
cell plug ion-implantation technique. 

20 Referring to Fig. 1A, a p-type well 11A for a 

transistor region is formed in a substrate defined as a 
cell .region. Then, field oxide layers 12 are formed 
through a shallow trench isolation (STI) technique. On the 
substrate 11, a gate insulation layer 13, a first gate 

25 conductive layer 14, a second gate conductive layer 15 and 
a mask oxide layer 16 are sequentially stacked. 

Next, a plurality of cell junctions 17 are formed 

2 



between gate lines by ion-implanting a low concentration of 
a dopant with use of the gate lines as a mask. As well- 
known, the cell junctions 17 are formed only through an 
ion-implantation of a low concentration of a dopant to 
5 suppress generations of leakage currents, and this region 
ion-implanted with the low concentration of the dopant is 
called a lightly doped drain (DDL) region. On the other 
hand, an n-channel metal-oxide field-effect transistor 
(nMOSFET) formed in a peripheral circuit region adopts a 

10 source/drain structure of a LDD region formed by ion- 
implantations with a low concentration of a dopant and a 
high concentration of a dopant. Also, a p-channel MOSFET 
(pMOSFET) adopts a structure suppressing a short channel 
effect (SCE) by performing a pocket ion-implantation around 

15 a source/drain structure. 

Referring to Fig. IB, a spacer 18 is formed at both 
sidewalls of each gate line, and then, an inter-layer 
insulation layer 19 is deposited on a substrate structure 
including the gate lines. The inter-layer insulation layer 

20 19 is etched by using a landing plug contact (LPC) mask 
(not shown) as an etch mask so to form contact holes for 
forming cell contact plugs. At this time, a surface of 
each cell junction 17 is exposed. 

Afterwards, plug ion-implantation regions 20 having a 

25 similar projected range (Rp) to that of the cell junction 
17 are formed by performing a cell plug ion-implantation 
technique for decreasing a contact resistance between the 



cell junction 17 and the cell contact plug. Herein, the 
cell plug ion-implantation is for enhancing a driving power 
of a transistor formed in the cell region by decreasing the 
contact resistance between the cell junction 17 and the 
5 cell contact plug. Also, the cell plug ion-implantation is 
proceeded after the formation of the contact holes for 
forming the cell contact plugs. 

Referring to Fig. 1C, a polysilicon layer is 
deposited on an entire surface of the resulting structure 

10 and is subjected to an etch-back process or a chemical 
mechanical polishing (CMP) process to form cell contact 
plugs 21 contacting to the corresponding cell junctions 17. 

As shown in the above, the cell plug ion-implantation 
technique is used to increase saturation currents of the 

15 cell transistor by decreasing the cell contact resistance. 

Despite of this advantage of increasing the 
saturation currents, it is still limited to increase 
reliability of a device, i.e., the refresh time. In other 
words, since the plug ion-implantation region 20 is 

20 directly contacted to the cell junction 17, the junction 
concentration increases abruptly, and this abrupt increase 
further results in a sharp increase of a slope of the 
concentration with respect to a depth. Therefore, a width 
of a depletion layer between the p-type well 11A and the 

25 cell junctions 17 is decreased, and this result further 
induces an increase in an electric field to thereby 
decrease refresh time. 



Summary of the Invention 

It is, therefore, an object of the present invention 
to provide a method for fabricating a semiconductor device 
5 capable of preventing degradation of a refresh time by 
giving a consistent ion-implantation concentration with 
respect to a depth in a plug ion-implantation region for 
improving a contact resistance between a cell junction and 
a cell contact plug. 

10 In accordance with an aspect of the present invention, 

there is provided a method for forming plugs on active 
regions of a semiconductor device, including the steps of: 
forming a plurality of gate lines on a substrate; forming a 
plurality of cell junctions by ion-implanting a first 

15 dopant with use of the gate lines as a mask; forming a 
buffer layer along a gate line profile; and forming a 
plurality of plug ion-implantation regions in the cell 
junctions by ion-implanting a second dopant into the 
substrate under the presence of the buffer layer to thereby 

20 from the plugs thereon. 

In accordance with another aspect of the present 
invention, there is provided a method for fabricating a 
semiconductor device, including the steps of: forming a 
plurality of gate lines on a substrate; forming a plurality 

25 of cell junctions by ion-implanting a first dopant with use 
of the gate lines as a mask; forming a buffer layer along a 
gate line profile; and forming a plurality of plug ion- 
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implantation regions in the cell junctions by ion- 
implanting a second dopant into the substrate under the 
presence of the buffer layer. 

5 Brief Description of the Drawing (s) 

The above and other objects and features of the 
present invention will become apparent from the following 
description of the preferred embodiments given in 
10 conjunction with the accompanying drawings, in which: 

Figs. 1A to 1C are cross-sectional views showing a 
semiconductor device fabricated by a conventional cell plug 
ion-implantation technique; 

Figs. 2A to 2D are cross-sectional views showing a 
15 semiconductor device fabricated in accordance with a 
preferred embodiment of the present invention; 

Fig. 3 is a comparative graph showing slopes of a 
concentration of a plug ion-implantation region with 
respect to a depth according to the conventional method 
20 and the present invention; and 

Fig. 4 is a comparative diagram showing refresh time 
taken by employing the conventional method and the present 
invention. 

25 Detailed Description of the Invention 



With reference to the accompanying drawings, detailed 
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descriptions on a semiconductor device with improved 
refresh time and a method for fabricating the same will be 
provided in the following . 

Figs. 2A to 2D are cross-sectional views of a 
5 semiconductor device fabricated in accordance with a 
preferred embodiment of the present invention. 

Referring to Fig. 2A, a p-type well 31A is formed in 
a substrate 31 providing a transistor in a cell region by 
ion-implanting a p-type dopant. At this time, a dose of 

10 boron used in the ion-implantation for forming the p-type 
well 31A ranges from about 5 x 10 12 ions/cm 2 to about 3 x 
10 13 ions/cm 2 . Also, energy of about 180 keV to about 300 
keV is used in the above ion-implantation process. 

Next, field-oxide layers 32 are formed through a 

15 shallow trench isolation (STI) technique. Then, a 
plurality of gate lines are formed. Herein, each gate line 
is formed by sequentially stacking a gate insulation layer 
33, a first gate conductive layer 34, a second gate 
conductive layer 35 and a mask oxide layer 36 on the 

20 substrate 31. Herein, the gate insulation layer 33 is a 
typical silicon oxide (SiC>2) based layer, and the first 
gate conductive layer 34 is a polysilicon layer. The 
second gate conductive layer 35 is a metal layer having a 
low resistance. Examples of the metal layer are a tungsten 

25 (W) layer and a tungsten silicide layer (WSi2) . 

A plurality of cell junctions 37 are formed in the 
substrate 31 disposed between the gate lines through an 



ion-implantation of a dopant by using the gate lines as a 
mask. At this time, the cell junctions 37 are formed by 
ion-implanting an N-type dopant such like phosphorus (P) 
with a low concentration. The reason for using the low 
5 concentration of the N-type dopant is to form a lowly 
concentrated source/drain in a cell region for suppressing 
generations of leakage currents and to form a source/drain 
with lightly doped drain (LDD) structure in a peripheral 
circuit region. Herein, the cell junctions 37 are formed 

10 by ion-implanting phosphorus (P) or arsenic (As) of which 
dose ranges from about 1 x 10 13 ions/cm 2 to about 5 x 10 13 
ions /cm 2 with low energy of about 70 keV to about 80 keV. 
In addition, the ion-implantation can be proceeded with a 
tilt angle of about 0 ° to about 20 °. In case that the 

15 tilt angle is above 5 °, wafers are rotated two or four 
times . 

Referring to Fig. 2B, a buffer layer 38 is deposited 
on an entire surface of the resulting structure including 
the gate lines. At this time, the buffer layer 38 is 

20 formed with a nitride layer having a thickness in a range 
from about 200 A to about 500 A. After the formation of 
the buffer layer 38, a blanket ion-implantation is 
performed to form a plurality of plug ion-implantation 
regions 39. Herein, the blanket ion-implantation is an 

25 implantation process performed to an entire surface of the 
above constructed structure without using an ion- 
implantation mask. 



In more detail of the plug ion-implantation regions 
39, higher energy is used since a projected range (Rp) of 
the plug ion-implantation region 39 should be similar to 
that of the cell junction 37. That is, unlike the typical 
5 ion-implantation technique proceeding under the absence of 
the buffer layer 38, the energy should be increased to meet 
the required Rp level because of the buffer layer 38 having 
a predetermined thickness. Also, the ion-implantation 
should be applied with a higher dose of a dopant compared 

10 to the typically applied dose to complement losses of the 
dopant caused by the buffer layer 38 . 

For the blanket ion-implantation, the same N-type 
dopant doped into the cell junctions 37 is used. At this 
time, 31 P is used as the N-type dopant. Alsp, the 

15 implantation energy and dose of 31 P are in a range of about 
80 keV to about 150 keV and in a range from about 1 x 10 12 
ions/cm 2 to about 3 x 10 13 ions/cm 2 . Meanwhile, the 
implantation energy gets lower as the buffer layer 38 gets 
thinner. On the other hand, the implantation energy gets 

20 higher as the buffer layer 38 gets thicker. Also, the dose 
of the 31 P is controlled under a consideration on losses of 
the 31 P while passing through the buffer layer 38. 

Meanwhile, the blanket ion-implantation can be 
performed with distributed energy applied into two or three 

25 steps to obtain a less inclined slope of a concentration 
with respect to a depth. For instance, the implantation 
energy within a range from about 80 keV to about 150 keV is 



applied in several steps by being gradually increased from 
a low implantation energy to a high implantation energy. 
For instance, the implantation energy of about 80 keV is 
applied first, and is gradually increased to about 100 keV 
5 in a second application. Lastly, the implantation energy 
of about 120 keV is applied. At this time, it is also 
possible to apply the dose of the dopant in several steps 
as like the implantation energy. 

If the plug ion-implantation regions 39 are formed 

10 through the above-described blanket ion-implantation 
technique, a concentration profile of the implanted dopant 
can be broadened. That is, low implantation energy of 
about 40 keV to about 70 keV is used to meet the required 
Rp in case that the ion-implantation is carried out without 

15 the buffer layer 38. Thus, a slope of a dopant 
concentration with respect to a depth is very inclined and 
narrow. However, when the ion-implantation is carried out 
under the presence of the buffer layer 38, the implantation 
energy of about 80 keV to about 150 keV is applied so that 

20 the slope of the dopant concentration with respect to the 
depth is less inclined, i.e., rounded and broadened. More 
detailed descriptions on this fact will be provided in Fig. 
3. 

Referring to Fig. 2C, a gate spacer 38A contacting to 
25 both sidewalls of each gate line is formed by performing an 
etch-back process to the buffer layer 38. Then, an inter- 
layer insulation layer 40 is deposited on an entire surface 
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of the above resulting structure including the gate spacer 
38A and the gate lines. 

Next, a landing plug contact (LPC) mask (not shown) 
is formed on the inter-layer insulation layer 40. The 
5 inter-layer insulation layer 40 is then etched with use of 
the LPC mask as an etch mask to form a plurality of contact 
holes 40A exposing a surface of each cell junction 37. At 
this time, the gate spacer 38A functions as an etch barrier 
layer while the inter-layer insulation layer 40 is etched 

10 so as to prevent the gate lines from being attacked during 
the above etching process. 

Referring to Fig. 2D, a polysilicon layer is 
deposited on an entire surface of the above resulting 
structure including the contact holes 40A. Then, a 

15 chemical mechanical polishing (CMP) process is performed 
until a surface of the mask oxide layer 36 is exposed so 
that a plurality of cell contact plugs 41 contacted to the 
cell junctions 37 are formed. 

Fig. 3 is a comparative graph showing slopes of a 

20 concentration of a plug ion-implantation region with 
respect to a depth according to the conventional method and 
the present invention. Herein, a horizontal axis 

represents a depth expressed in the unit of A, while a 
vertical axis represents a concentration of phosphorus (P) 

25 expressed in the unit of ions/cm 3 . In Fig. 3, the curve PI 
is a case of doping 31 P with a dose of about 5 x 10 12 
ions/cm 2 along with applied energy of about 55 keV. The 



curve P2 is a case of doping P with a dose of about 9 x 
10 12 ions/cm 2 along, with applied energy of about 100 keV 
under a state that a nitride layer is formed in a thickness 
of about 400 A. 

5 As shown, the two curves PI and P2 have different 

shapes even though a Rp of the curve PI has the same Rp of 
the curve P2 expressing a case that implantation energy and 
dose are increased more than those in the curve PI. 
Particularly, the Rps of the curves PI and P2 are the same 

10 around a depth of about 750 A. For instance, the curve PI 
obtained after doping 31 P into a substrate with low 
implantation energy under the absence of a nitride layer is 
more sharply and narrowly sloped. In contrary to the curve 
PI, the curve P2 obtained after doping 31 P into a substrate 

15 with high implantation energy under the presence of the 
nitride layer formed is rounded and broadened. 

Thus, despite of the same Rp values, the curves PI 
and P2 have the different shapes due to the nitride layer 
having the thickness of about 400 A causing high 

20 implantation energy and dose to be used in order to meet 
the required Rp identical to the Rp of the curve PI. As 
mentioned above, the curve PI has the same level of Rp even 
with the use of low implantation energy. Generally, it is 
known that a difference ARp between Rp values gets larger 

25 in case that the Rp value of a sample to which high 
implantation energy is applied is identical to that of a 
sample to which low implantation energy is applied. Herein, 
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the ARp is a value of about 60 % of the original Rp and a 
reference value for determining a degree of slope of the 
curve for concentration with respect to depth. 

Eventually, the curve P2 obtained by using high 
5 implantation energy for obtaining the same Rp value of the 
curve PI has a rounded and broadened slope as the ARp 
increases. As a result, it is possible to suppress a width 
of a depletion layer between a p-type well and a cell 
junction from being decreased. This fact makes it further 

10 possible to mitigate an electric field concentrated at the 
cell junction. 

Fig. 4 is a comparative diagram showing refresh time 
taken by using the conventional method and the present 
invention. Herein, the horizontal axis represents wafer 

15 frame numbers, while the vertical axis represents refresh 
time (tREF) expressed in the unit of ms. Also, the 
reference symbols *o' and represent a pause-refresh 

time (P- t REF) and a Y-march refresh time (YMC- t REF) , 
respectively. Herein, the pause-refresh time P- t REF 

20 expresses an interval of the refresh time, while the Y- 
march refresh time expresses measured refreshed time by the 
Y-march refresh method. 

In addition, the denotation Rl is a case that both 
implantation energy and dose of the dopant are increased. 

25 The denotation R2 represents a case that the dose of the 
dopant is decreased compared to the case of Rl . The 
denotation R3 is a case that implantation energy is 
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increased compared to the case of Rl . The denotations R4 
and R5 show a resultant case of employing the conventional 
method that low implantation energy is applied under the 
absence of a nitride layer. Particularly, the denotation 
5 R5 shows a result of using the higher implantation energy 
than that used in the case of R4 . 

More specifically, the cases R4 and R5 express the 
result that the pause-ref resh time P- t REF and the Y-march 
refresh time YMC- t REF are short in about 90 ms to about 150 

10 ms. On the other hand, the cases Rl, R2 and R3 wherein the 
plug ion-implantation technique is performed under the 
presence of the nitride layer has a long pause-refresh time 
P-tREF and Y-march refresh time YMC-tREF in about 130 ms to 
about 300 ms. As shown, it is observed that the refresh 

15 time illustrated in the cases Rl, R2 and R3 . 

Although the preferred embodiment of the present 
invention is limited to the cell region, it is possible to 
attain an additional effect on suppression of a short 
channel effect (SCE) in a p-channel metal-oxide 

20 semiconductor field-effect transistor (pMOSFET) due to the 
deposition of the buffer layer in a peripheral circuit 
region. For instance, since the plug ion-implantation 
technique is performed without using the mask after the 
deposition of the buffer layer, ion-implantations are 

25 carried out in the nMOSFET and pMOSFET regions in the 
peripheral circuit region. Particularly, in the pMOSFET 
region, a counter doping occurs in a designated shallow p- 

14 



type source/drain region so as to function as a typical 
pocket ion-implantation. That is, a pocket ion- 

implantation region is locally formed in a direction of a 
channel of the p-type source/drain region by ion-implanting 
5 a dopant having an opposite type to the dopant used in 
forming the p-type source/drain region. As a result, the 
SCE effect can be suppressed. 

As known well, a single gate spacer is formed in the 
cell region, while a dual spacer is formed in the 

10 peripheral circuit region. Especially, for the dual spacer, 
a second spacer is formed after the formation of a first 
gate spacer, i.e., the etched buffer layer. Thereafter, 
the p-type source/drain region is formed. Consequently, it 
is possible to form locally a pocket ion-implantation 

15 region in a direction of a channel of the p-type 
source/drain region with the size as much as the width of 
the second gate spacer. Therefore, an additional ion- 
implantation process for forming the pocket ion- 
implantation region is not necessary. 

20 Since the plug ion-implantation process for improving 

a contact resistance between the cell contact plug and the 
cell junction is performed by using high energy under the 
presence of the buffer layer, it is possible to obtain a 
rounded and broadened slope of concentration with respect 

25 to depth. Eventually, refresh time of a device will be 
increased. 

While the present invention has been described with 
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respect to certain preferred embodiments, it will be 
apparent to those skilled in the art that various changes 
and modifications may be made without departing from the 
scope of the invention as defined in the following claims. 
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